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certainty	 interval	 [UI]:	 15	941-	23	819)	 children	were	 vertically	 infected	 by	HCV	 in	
2007	 and	 21	676	 (95%	 UI:	 17	498-	26	126)	 in	 2012.	 The	 majority	 of	 these	 cases	
(72.9%	and	72.5%	in	2007	and	2012,	respectively)	occurred	in	Punjab.	We	estimated	
that	vertical	transmission	as	a	mode	of	exposure	accounted	for	a	quarter	of	HCV	infec-
tions	 among	 children	 under	 5	years	 of	 age	 (25.2%	 in	 2007	 and	 24.0%	 in	 2012).	
Conclusion:	Our	results	showed	that	one	in	260	children	born	in	Pakistan	in	2007	and	
2012	acquired	HCV	vertically.	While	currently	no	interventions	during	pregnancy	and	
childbirth	 are	 recommended	 to	 reduce	 this	 risk,	 prevention,	 testing	 and	 treatment	
strategies	 should	 be	 considered	 to	 reduce	 the	 burden	 of	 vertical	 HCV	 infections	
among	young	children.	Other	routes	of	transmission	appear	to	contribute	the	majority	
of	HCV	infections	among	children	and	must	also	be	clarified	and	urgently	addressed.

















tility	 rate	 (3.8	per	woman	 in	2012).10	The	combination	of	high	HCV	
prevalence,	a	large	affected	adult	population	and	high	fertility	draws	
Abbreviations:	ASFR,	age-specific	fertility	rates;	CI,	confidence	interval;	DHS,	Demographic	
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focus	 to	 the	potentially	 important	 scale	 and	contribution	of	vertical	
transmission	to	the	HCV	epidemic	in	Pakistan.
Six	 studies	 (none	 nationally	 representative)	 assessed	 HCV-	Ab	









of	 blood	 transfusion,	 therapeutic	 injection	 use,	 surgery	 and	 sharing	
household	 items.17-19	Additionally,	 dental	 procedures	 and	 dilatation	








in	 (95%	CI:	0.9-	1.3)	 in	 the	North-	West	Frontier	Province	 (NWFP).25 
Prevalence	 among	 children	 under	 5	years	 in	 this	 survey	was	 found	
to	be	1.9%,	meaning	that	based	on	a	population	of	24.7	million	chil-
dren	 in	 this	age	group	 in	2015,9	nearly	half	a	million	children	might	
currently	be	HCV-	Ab+.	A	study	among	1-	to	15-	year-	olds	in	Karachi	
found	 that,	 strikingly,	 none	 of	 the	 assessed	 nosocomial	 exposures	
were	significantly	associated	with	HCV	infection.26	While	there	is	no	





nual	HCV	 infections	 resulting	 from	vertical	 transmission	 in	Pakistan.	
The	secondary	objective	is	to	estimate	the	proportion	of	HCV	infec-
tions	among	children	that	arose	as	a	result	of	vertical	transmission.



















In	 this	 equation,	 Ic	 is	 the	 absolute	 number	 of	vertically	 infected	
children	in	a	given	year,	and	ρmHCV+∕RNA+→c	is	the	risk	of	vertical	transmis-





























The	demographic	 estimates	 are	 based	on	 the	 population-	based	 na-
tionally	representative	Demographic	and	Health	Surveys	(DHS),	con-
ducted	 in	 2006-	2007	 and	 2012-	2013.10,31 The number of children 
alive	at	18	months	of	age	from	the	2007	to	2012	birth	cohorts,	 for	
Pakistan	overall	 and	 for	each	of	 the	 four	 regions,	was	estimated.	 It	
was	based	on	 the	number	of	women	 in	 reproductive	age	 (in	5-	year	












































































age	 group	between	 ages	15	 and	49.	We	 then	 scaled	 the	 estimates	







estimated	 from	a	 survey	of	pregnant	women	 in	Karachi.11	This	per-
centage	was	not	available	by	women’s	age	group,	and	one	estimate	
(79.7%)	was	thus	applied	to	all	age	groups.	The	risk	of	vertical	trans-
mission,	 diagnosed	 at	 18	months	 of	 age,	was	 estimated	 based	on	 a	
recent	meta-	analysis	 at	 5.8%	 (95%	CI:	 4.2-	7.8).33	The	 one	 study	 of	
risk	of	vertical	transmission	conducted	in	Pakistan	did	not	significantly	
differ	from	this	estimate	of	risk	(3.9%	[95%	CI:	0.6-	7.2],	according	to	











women	 that	 are	 RNA+	 (p
m HCV+∕
RNA+ (i))	 and	 the	 risk	 of	 vertical	 transmis-
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all	vertical	 infections	was	greater	 than	the	proportion	of	 total	births	
(Figure	3).	The	lowest	proportion	of	all	vertical	infections	in	Pakistan	






in	 2012.	Vertical	 transmission	 as	 a	mode	 of	 exposure	 therefore	 ac-









children	 acquire	 HCV	 annually	 as	 a	 result	 of	 vertical	 transmission.	
While	 fewer	 than	60%	of	Pakistan’s	population	 lives	 in	Punjab,	 this	
region	 accounted	 for	 three-	quarters	 of	 HCV	 vertical	 transmissions	
due	to	the	highest	HCV	prevalence	among	the	four	regions	examined.	
Under	 the	 assumption	 that	 the	 prevalence	 of	 HCV	 among	women	
of	 reproductive	age	remained	similar	 to	 the	 levels	measured	on	the	
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Vertical	transmission	of	HCV	infection	was	estimated	recently	for	
Egypt.30	While	 Egypt	 appears	 to	 have	 the	 highest	 HCV	 prevalence	
worldwide,12,13,36	our	estimate	of	the	number	of	HCV	vertical	trans-






alence	 creates	 a	 combination	 of	 demographic	 and	 epidemiological	






availability	 of	 raw	 data	 on	 HCV-	Ab	 prevalence,	 which	 would	 have	
enabled	us	 to	calculate	prevalence	disaggregated	by	sex,	age	group,	
marital	 status,	 region	 and	 urban/rural	 residence.	 To	 deal	 with	 this	
issue,	we	scaled	the	prevalence	for	currently	married	women	and	by	
region	and	interpolated	prevalence	for	the	5-	year	age	groups	in	order	
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Second,	 some	women	with	 recent	 infection	might	 be	 at	 risk	 of	




measuring	 HCV-	Ab-	/RNA+	 prevalence	 among	 women	 in	 Pakistan.	








national	 survey	 nor	 the	 2006-	2007	 and	 2012-	2013	 DHS	 covered	
some	remote	or	disputed	regions	of	Pakistan	(Federally	Administered	
Tribal	Area	 and	Jammu/Kashmir).	However,	 these	 areas	 account	 for	
<3%	of	Pakistan’s	population,	31,32	and	it	is	therefore	unlikely	that	our	
estimates’	 accuracy	was	 significantly	compromised	by	 this	omission.	
Last,	further	clearance	of	HCV	viraemia	might	occur	among	vertically	
infected	 children	 beyond	 the	 age	 of	 18	months,	 and	 studies	 have	
noted	 higher	 clearance	 for	HCV	 transmitted	 vertically	 compared	 to	








pregnancy	 treatment,	 and	 reducing	 unmet	 need	 for	 modern	 family	
planning	 methods	 which	 could	 help	 reduce	 unwanted	 pregnancies	
among	HCV-	Ab+	women.10	While	the	safety	of	direct-	acting	antivirals	
(DAAs)	administration	during	pregnancy	has	not	yet	been	established,	
there	 is	 optimism	 about	 this	 possibility,	 unlike	 the	 older	 ribavirin-	





vertically	 infected	children	to	 long	periods	of	chronic	 illness	and	se-
quelae	that	can	be	a	far	more	financially	and	socially	expensive	burden	
than	the	cost	of	treatment.
In	conclusion,	our	 results	 showed	 that	one	 in	260	children	born	
in	Pakistan	in	the	two	annual	birth	cohorts	assessed	in	this	study	ac-
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